Econometric Model of 'Promotion Bubble': identification, analysis and application by Marcin Blazejowski
© Copyright by The Nicolaus Copernicus University Scientific Publishing House
DYNAMIC ECONOMETRIC MODELS 











Econometric Model of “Promotion Bubble”: Identification, 
Analysis and Use 
 
 
1.  Characteristics of “Promotion Bubble” Phenomena 
 
  The phenomena of short term disturbances of price system are often observ-
able on many markets, especially on consumer markets. Sales promotions are 
introduced by producers (so then it has global range and is correlated with 
strong advertisement in media), as well as markets chains and it can concern 
new product as well as stocked ones. Figure 1 presents graphs of prices of cho-
sen washing powders expressed as value per mass unit. In given period total 
sales of small and medium-sized packaging of washing powders was 19681 
items. Sales of chosen brands was about 81% of total number of sold items. 
Because market is often consumer market, sales promotions are temporary and 
cyclical, which is the effect of dynamic stability of the market. As a result, tem-
porary and aggressive price reductions can be treated as conscious attempt of 
destabilizing market. In this way producers try to make use of high (in absolute 
value) price elasticity and achieve short term increase of sales. Such situation 
we will call “promotion bubble”. Moment of appearing price promotion can be 
treated as an market impulse. Figure 2 presents two examples of “promotion 
bubbles”, which were observed for Vizir washing powder. 
Identification the effect of “promotion bubble” need little care. Many sales 
promotions consist on adding bonus item to the main product or selling prod-
ucts in “2 in 1” or even “3 in 1” packages. Because of that, in order to identify 
the period of “promotion bubble”, prices should be recalculated and expressed 
as value of unit of mass, capacity, and so on… © Copyright by The Nicolaus Copernicus University Scientific Publishing House
























Fig. 1. Price per one kilogram for chosen washing powders in middle package group in 
2001.09.05-2002.04.25 (n=200) 
Source: Own study. 
 
Periods with temporary price reductions and parallel increase of sale are just 
“promotion bubbles”. 
 
Fig. 2. Examples of promotion bubbles for Vizir washing powder 
Source: Own study. 
 
 
2. Modeling the Effects of “Promotion Bubbles” 
 
2.1. Market Response Models and Impulse Response Functions 
 
  Treating “promotion bubble” as an impulse effect suggests use of economet-
as “market response
arket is to treat the 
x with many inputs and only one output. In such case market 
sponse model will be some function, which can be written as
1: 
 
ric tools from wide range of market analyzing tools known 
One of the MRM’s ways of analyzing m
 
models” (MRM). 




















i ε  (1) 
                                                      
1 See: Stawicki (1994), p. 22, Hanssens (1990), p. 140. © Copyright by The Nicolaus Copernicus University Scientific Publishing House
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where: 
( ) ( ) L B L A ,
it  is a matrix of explanatory (input) variables, 
 are lag operators of order, respectively, s and r, 
X
t ε  is a white noise process. 
All processes are stationary and invertible ARMA processes. It’s worth to no-
tice, that model (1) has in fact properties of conformable model in Zieliński’s 







 is said to be of order (r, s, b). Model (1) can 
be written in l pulse response, form : 
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tim  Stawicki (1994) and Hanssens 
(19
e promo
equation model. Because system (market) is expected to be in equilibrium and 
 there will be 
trong substitution
4. Furthermore, one 
s of the same product type
 price impulse in 
ation procedure of function (2) is explained in
90). 
Model (1) and its response form (2) are single-equation models and it seems to 
be too simplified way of econometric modeling “promotion bubbles” effects. 
Number of relations between competitive products and different customer’s re-
actions to short term pric tions
3 won’t be possible to explain by single-
market is consumer market, between different brands of products
s should notice, that producers often sale 
 simultaneously. In such case, producers  several brand
introducing new promotions on market have to take into account disadvanta-
geous of possible substitution between their own brands. Thus
one brand will have an influence on sale of all brands. Therefore, to get correct 
estimates of all parameters of MRM, model should be multi equation system. 
This multi equation system should include typical features of sales processes, 
i.e. nonstationarity in mean, particular analysis of periodicity
5. 
Multi equation market response model can be based on two methodologies: 
•  structural multi equation model, where coefficients of market response 
function can be estimated by dynamic simulation or multiplier analysis, 
•  vector autoregressive models. 
Presented examples are based upon VAR methodology. 
 
                                                      
2 See: Hanssens (1994), p. 143. 
rice elasticity of demand. 
cture of daily time series is described i.e. in 
Kuf
3 Often promotions last 2-3 days. 
4 What yields in high values of p
5 Problem of identification internal stru
el (1997), p. 1–6. © Copyright by The Nicolaus Copernicus University Scientific Publishing House
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2.2. Impulse Response Functions in VAR Models 
 
  Price impulses, introduced by producers or wholesalers, appear in different 





one can expect shifts of sales reactions (τ) in time. So it seems, that in orde
el uch market, VAR can be written as
 6: 




t D  vector of deterministic explanatory, 
 vector of all processes included in model, 
 
x
0 Γ coefficients matrix of deterministic explanatory, 
B  coefficients matrix of temporary  t x values, 
i Γ  matrix of coefficients of lagged  t x values, 
t ξ  vector of error processes. 
M ing following substitutions:  ultiplying equation (3) by B
−1 and mak
i , , 2 , 1 ,
1 K = Γ
−  and   yield in standard form VAR model: 
  e
t t B e ξ
1 − = , B i = Ψ
 
p i
p t k t t t t x x x D x + Ψ + + Ψ + Ψ + Ψ = − − − K 2 2 1 1 0 t (4) 
 
M se form (2) in multi equa-





 diagonal variance – covariance matr
 variance – covariance matrix of error processes of 
odel (4) can be rewritten in structural form wi
tation VMA : 
 (5) 
wh
odel (4) is then direct extension of impulse respon
n case. Using relationship between variance – cov
) and (4): 
T B BΣ = Σ   e ξ
where: 
ix of error processes of model (3),  ξ Σ
e Σ model (4), 
m th “orthogonal innovations”
7. 
As a result, VAR in form (4) is estimated. Construction of impulse response 








t i t , , 2 , 1 ,
0 0





− ∑ ∑ ω  
 
ere: 
A K K , 2 , 1 , 2 2 1 1 = Φ + + Φ + Φ = − − − i A A A p i p i i   i
                                                      
00), p. 36 and Charemza, Deaman (1997), p. 156. 
6 See: Kusideł (2000), p. 35 and Osińska (2002), p. 139. 
7 See: Kusideł (20
8 See: Pesaran, Shin (1998), p. 18. © Copyright by The Nicolaus Copernicus University Scientific Publishing House
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Coefficients of impulse response function can be estimated with use of Chole-
sky decomposition. In presented example all models and impulse response func-
tions were estimated in GNU Regression, Econometrics and Time-series Li-
brary, (http://gretl.sourceforge.net). 
3. Empirical Example 
Main assumption of this analysis is, that examined market is in equilibrium 
d into two groups: sales of small packages 





and after period of price promotion this market is able to back to this equilib-
rium. As a result, impulse response functions should diminish to zero after finite 
time. Such property of impulse response functions means, that modeled system 
is stable. Data used in an example come from one of Toruń’s supermarket. Pro-
cesses of daily sales data are divide
( ] g 720 ; 0 ( ] kg g 3 ; 720 . Two periods, 2001.09.05 - 
 - 2003.11.28 (n = 200), were analyzed. Two VAR 




     
2002.04.25 and 2003.04.10
models (VAR(3) and VAR
where order of polynomial of time and 0-1 matrixes for modeling periodicity 
were specified by analyzing internal structure of sales processes.  
Results of estimation are satisfactory, error processes were not auto-correlated 
and had normal distribution
9. Figure 3 presents reactions of sales in group of 
middle packages for chosen brands of washing powders as a response for 20% 
mean price impulses. Impulse response functions are presented in following 
configur tion: 
price impulse in one brand  → response of all brands 
 
All estimated impulse response functions are diminishing to zero, which means 
that influence of price impulses are finite, so the whole system is s
                                                 
9 In several equations residuals were not normally distributed, but additional vola-
tile could be modeled with use of ARCH. © Copyright by The Nicolaus Copernicus University Scientific Publishing House
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Fig. 3. Changes in quantity of sold middle packages of chosen 6 brands of washing 
powders in reaction to 20% price impulses in 2001.09.05-2002.04.25 © Copyright by The Nicolaus Copernicus University Scientific Publishing House
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4. Summary 
 
  In presented examples impulse introduced in price of only one brand had 
influence on sales of other brands for about 1,5 week (in 6 days week). Shifts of 
sales reactions in response to price impulse were up to 4 days. All impulse 
responses had tendency to diminish to zero, which means, that taken assump-
tion, that analyzed market is in equilibrium, was correct. For the most endoge-
nous variable (sales of Vizir), there were no simultaneous (with price impulse) 
reaction, but it was due to VAR specification. Week periodicity were confirmed 
with +0,249356 Friday effect. Unfortunately, results achieved with use of Cho-
lesky decomposition depend on order of equations in the VAR model
10, which 
yield in “the most endogenous variable” and “the most exogenous variable”. To 
reduce disadvantages of it, one can try the following methods: 
•  make causality tests and reorder equations in model, 
•  make use of generalized impulse response functions defined by Pesaran 
and Shin, 
•  specifying structural model with simultaneous equations. 
In most cases, causality test in Granger sense is used for VAR models. But this 
test “should be understand in the context of correlation between analyzed eco-
nomic processes, so the decision whether examined relationship is causal is 
made by researcher”
11. Maybe fallowing statement is true: “Immediate causality 
doesn’t exist, because there is always some time between independent ac-
tions”
12, so then multi equation model of analyzed market will never be the si-
multaneous equations system. But this not seems to be truth in case of consumer 
market, where analysis are based upon the daily sales data. 
Presented example of analysis of “promotion bubble” effects is not exhaustive. 
Natural direction of next research is specification and estimation of structural 
model with simultaneous equations and comparing results, specially values of 
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